Development of Location Specific Decision Support
System (DSS) for Adopting the Best Water
Management Strategies to Maximize the Production
for Nagarjuna Sagar Right Canal Command Area

ABSTRACT

Nagarjuna Sagar Project is built across river Krishna at Nandikonda village of Nalgonda
District. The Project is having right main canal namely Jawahar canal having Guntur, Zulakallu,
Bellamkonda, Peddanandipadu, Addanki, Eddanapudi, Darsi, Pamidipadu and Ongole branch canals.
Conjunctive use is the technique which envisages the use of Groundwater in conjunetion with canal
water in the Command Area. The productivity is reduced due to irregular.operation and maintenance
of canals. The decision support system was designed and developed for computing crop water
demand and domestic water requirement and conjunctive use of water. The DSS analyse data and
computed values represented in graphical form. The maximum surface:volume was observed in the
year 2008-09 as 6051 MCM, minimum at 2015-16 as 490 MCM and the average surface water

water requirement for all the seasons was calculated.as 4455.32 MCM, Domestic water demand as
155.9 MCM, net surface water availability as 2,229.41 MCM, net groundwater availability as 1384.63
MCM and conjunctive use water as 3,614.04 MCM.

resources for cropping pattern to be followed to save the water in satisfying crop water requirement.
The results obtained from the study can.be used as a guide for the farmers for selecting the crops and
water releases for the main crop.
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1. INTRODUCTION

Nagarjuna Sagar Project is built across river Krishna at Nandikonda village of Nalgonda
District. The Project has two main canals namely Lal Bahadur canal on left side and Jawahar right
main Canal. The main objective of this Nagarjuna Sagar project is to bring the 9 lakhs hectare of land
in to cultivation. The main canals Left as well as right are designed with 11,000 cusecs carrying
capacity.:About 4.75 lakhs ha area in Guntur and Prakasam Districts is irrigated by Nagarjuna Sagar
Jawahar Canal. The Canal is divided into 9 branch canals spread across Guntur and Prakasam
districts., The Right main canal feeds Guntur, Zulakallu, Bellarnkonda, Peddanandipadu, Addanki,
Eddanapudi, Darsi, Pamidipadu and Ongole branch canals.

1.1.Study area

1.1.1. Nagarjuna Sagar Project Jawahar Command

The command area lies between the latitudes of 15° 20" to 16° 41' 24" N and the longitudes of
79° 18'44" to 80° 25' 56" E, encompassing Guntur and Prakasam districts in the state of Andhra
Pradesh. The geographical command area consists from block 1 to 22 (GA) as shown in Fig. 1.
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2. MATERIAL AND METHODS
2.1. Description of Decision Support System Software
2.1.1.Developmentof Software in Visual BasieNET { Comment [D5]: leave a space

Visual Basic.NET is .a computer programming language developed in Microsoft. VB.NET is an
object-oriented programming language. This means that it supports the features of object-oriented
programming which include encapsulation, polymorphism, abstraction, and inheritance. Visual Basic
ASP NET runs.on the .NET framework, which means that it has full access to the .NET libraries. It is
a very productive tool for, rapid creation of a wide range of Web, Windows, Office, and Mobile
applications that have.been built on the .NET framework. The language was designed in such a way
that it is easy to-understand to both novice and advanced programmers. Since VB.NET relies on the
.NET framework, programs written in the language run with much reliability and scalability. With
VB.NET, one.can create applications that are fully object-oriented, similar to the ones created in other
languages like C++, Java, or C#. Programs written in VB.NET can also interoperate well with
programs written in Visual C++, Visual C#, and Visual J#. VB.NET treats everything as an object.

2.1.2. Integrated Development Environment (IDE) For VB.Net

Microsoft provides the following development tools for VB.Net programming
. Visual Studio 2010 (VS)

. Visual Basic 2010 Express (VBE)
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. Visual Web Developer

Visual Basic Express and Visual Web Developer Express edition are trimmed down versions

a Windows user interface and creates a "Hello World" application by adding controls to the form, and
then the app will be run.

The decision support system was designed and developed in visual basic. The software was
a tool for computing crop water demand and domestic water requirement and conjunctive use of
water (Sai et al. 2018). Based on the data, the planning of crops as per availability. of water under the
command area can be suggested. The Developed DSS software contains six main:menu buttons
namely Data base, Project details, Calculations and Results, Canal hydraulics, Chart/graphs.and Help
options.

2.2.1. Data base
crop data, discharge data and groundwater data files which were ‘required for computation of
conjunctive use of water.
2.2.2. Weather data
Click on weather data icon, monthly and daily “will ‘appear on the screen. Monthly or

humidity (%), sunshine hours, radiation. (MJ/m?/day), ETO (mm/day). The Reference
evapotranspiration can be calculated by using the Penman-Monteith combination method as a new
standard for reference evapotranspiration was used and advised on procedures for calculation of the
various parameters. By defining the reference crop. as a hypothetical crop with an assumed height of
0.12 m having a surface resistanceof 70 s m™ ‘and an albedo of 0.23, closely resembling the
evaporation of an extension surface of green grass of uniform height, actively growing and adequately
watered, the FAO Penman-Monteith method was developed (Allen et al. 1998).

From the original‘Penman-Monteith equation and the equations of the aerodynamic and
surface resistance, the FAO Penman-Monteith method to estimate ETo is expressed as

900
_ 0408A(Ry~6)+Y5, Uz (es—eq)

ETy=

A+y(1+0.34U3)

Where
ETo reference evapotranspiration [mm day-1],
Rnnet radiation at the crop surface [MJ m-2 day-1],
G soil heat flux density [MJ m-2 day-1],
T mean daily air temperature at 2 m height [°C],
u, wind speed at 2 m height [m s-1],
e, saturation vapour pressure [kPa],
e, actual vapour pressure [kPa],

A slope vapour pressure curve [kPa °C-1],
y Psychrometric constant [kPa °C-1].

The FAO Penman-Monteith equation (Prasad et al. 2006) is used to compute the reference
evapotranspiration for different regions.

The weather data of the Nagarjuna Sagar Right Canal Command area and the rainfall data
was collected from the Directorate of Economics and Statistics (DES), Vijayawada of Guntur and
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Prakasam districts mandals under NSP right canal command area from 2000-2018 were input for the
software. The crop data was fed according to kharif, rabi and summer seasons. The data in the form
of crop duration (days), Kcvalues and contemplated area of respective crop were fed in the DSS
software.

Clicking on discharge icon displays the daily, monthly and yearly data. The yearly data was
given to software for average annual surface water availability of the command. The data was
collected from Water resources Department, Lingamguntla circle and Ongole circle for a period from
2008 to 2018. The groundwater data icon display as Pre and post monsoon data, Year wise
observation wells data, Piezometer data and Groundwater volume data. Ground and surface water

Water Requirement, Domestic Water Demand, Surface Water Availability, and Groundwater
Availability on window.

Crop Water Requirement was calculated based on the climatic data, crop length and (cropca-

efficient for different crops. Crop evapotranspiration under standard conditions (ETc)
ETc=Kc*ETo
Where,
Kc = crop coefficient
ETo = reference evapotranspiration, mm day-1

2.2.3. Surface Water Availability

The availability of annual discharge of the command from2008-19 to 2018-19 was given to
software as a input data, then computed the average discharge:value and deduct the evaporation,
seepage and other losses etc.,. Finally, get the net availability of surface water.

2.2.4. Domestic Water Demand
Average population and livestock details of the command and their water requirement in litres
per day were given to software and calculated,the total water requirement for domestic purpose.

2.2.5. Groundwater Availability

The availability of annual groundwater of the command from 2008-19 to 2018-19 was given to
software as an input data; then computed the average groundwater volume and percentage of not
suitable for crop and other purposes was deducted. Finally, the net availability of groundwater was
obtained.

2.2.6. Calculations and Results

In the ‘calculation icon, the parameters crop water requirement, domestic water demand, net
surface water. availability, groundwater availability and conjunctive use water availability were
calculated and displayed (Priyanka et al. 2016). The computed conjunctive use water is to be
compared with ‘agricultural and domestic water demand, then results will be displayed as sufficient
water is available or insufficient water.

2.2.7. Canal hydraulics

The input data for the canal design is full supply depth (D), bottom width (B), side slope (Z:1),
bottom slope (S), Manning'’s co-efficient (n) and computed the discharge (Q), velocity (V), hydraulic
radius (R), area (A), wetted perimeter (P) and critical depth (Yc) (Rao and Rajput, 2009).

The data required for the software was given as an input data, then results of Decision
Support System was described in the result and discussion chapter.

2.3. Crop water requirement by using CROPWAT8.0
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Decision Support System (DSS) has been developed for the command area of Guntur branch
channel which can be easily operated and accessed by anyone and later it was modified with adding
some additional features used for any location, command or branch canal. The software consists of
data base, Project details, calculations & Result, Canal hydraulics, Charts/graphs and helps shown in
Fig.2.

551 DECISION SUPPORT SYSTEM

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

ANGRAU

DataBase Project Details Calculations & Result

‘Weather Data Daily Data
Monthly Data

Canal Hydraulics

y
Rainfall Data y
Discharge Data 3
GroundWater Data  »
Crop Data

Fig.2. Data base button of DSS software
3.1.1. Data base
The data base and weather data was clicked and then loaded the 18 years mean monthly
data of the command area from 2000-2018 as shown in Figure 3.
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85 DECISION SUPPORT SYSTEM - [frmReadWeatherData]

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

. sRALU
= _ Project Details Calculations 8 Result Canal Hydraulics _ Help Exit

Daily Weather Data Glos
Wind
Min. Max Speed Sun Shine Solar
Sno.  Month Temperature  TEMPERMIE oy, K/ Radiaon ETO
oc Oc % Day Hiday — MUM2KH  mmiday
- 175 312 a1 5 66 16 303
2 |Februay 174 g E 5 76 |89 |34
3 March 225 354 [es 8 75 203 [4.17
4 |April 26 379 83 8 82 X |41
5 [May 278 409 72 9 79 |216 |s.05
6 | June 267 383 74 9 55 |178 |418
7 |duty 261 352 79 8 44 |162 372
8 August 245 334 82 7 43 16 |354
9 September 235 335 84 5 47 162 349
10 |October 233 27 88 4 49 153 12
1 |Nevember 25 355 o6 5 56 [162 |354
12 |December 198 348 o7 4 57 [144 |3.08
| Averages 232 5 g5 6.4 6.2 |176 |28

Fig. 3. Mean monthly weather data of command

85 DECISION SUPPORT SYSTEM - [WaterDischargeData]

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

- [|ESEEESElll  Project Details Caleulations & Result Canal Hydraulics ~ [JCRANS/GIGPRSII Help Exit

Year Discharge Data e
Year
‘Wiater Dischargein C/S === liater Release in MCM
Viater Water 5 3500
discharegein  releasesin
Year cis MCM 3000
Eﬁ 306221 3062 G 250000 o
2000-10 231930 2319 £ 200000 IR N RS /‘?"\7_ A D B o000
201011 241896 2419 -
et s== 1 1 ¥ § 1 I E I I T 1 EEEE
201112 231477 315 E
2012-13 204208 2043 5 100000 DS S-S T SR A (R - 000
2013-14 231477 2315 B00—4— - - - = = = = = - o -
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201516 182555 1826 gy gy Wy, r, Dy [opy W, R0p s Wz, gy A
%09 T e ig”i%i,’i&s
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201718 231024 2310 g,
%
2018-19 224230 2242 ¥
Average static .. | 226989 2270 Year

Figi4. Annual mean discharge at command area during 2008-09 to 2018-19

Similarly, monthly mean rainfall data was collected from the Directorate of Economics and
Statistics. (DES), Vijayawada of Guntur and Prakasam districts mandals under NSP right canal
command area from 2000-2018 was loaded. In the same way, yearly discharge data of command
area was shown in the Fig. 4, which was collected from Water resources Department, Lingamguntla
circle and Ongole circle.

observation wells data, piezometer data and ground water volume data will be appeared. The data
was obtained from Nagarjuna Sagar Right Canal (Jawahar) Command area Development, State
Groundwater Department, Guntur during 2000 to 2018 and presented in Fig.5 and 6.
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&S] DECISION SUPPORT SYSTEM - [Pre and Post Monsoon data]

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

Calculations & Result Canal Hydraulics _ Help Exit

Pre and Post Monsoon Data [ Close
Average DTW ( Mis. ) of OB wells
(e che o it B PreMonsoon Posthlonsoon = Fluctuations

e monscon (m)  (m)

349 258 [EE ¥ B EE % g EEE8EE8E8E8EEEE88888¢8
T 472 24 2n 5 %5 &k B3 &882h8 28852835 %82
199697 457 231 226 N i
199798 478 |167 312
199899 a8 {286 |0.94
1993-00 443 254 195 24 1 1 1 ]
200001 [433 281 152 H 11
200102 |488 461 [

T 41— : B
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2003-04 603 438 165 b
200405 [543 22¢ 318 i
200506 |375 275 1 e
2006-07 .527 :231 [1.96
2007-08 395 324 on
annona ane PP o = 8
Fig. 5.Preand Post monsoon data at NSP command area from 1994-95t0 2015-16 _—{ comment [D32]: Leave a space

The average groundwater volume was noticed as 2269.89.MCM and maximum in the year 2008-
09 as 3062.21 MCM and minimum in the year 2015-16 as 1825.55 MCM.

5| DECISION SUPPORT SYSTEM - [Ground Water Data]

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

Calculations & Result Canal Hydraulics  [JCRONG/GIEPRS  Help Exit
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Fig. 6. Average annual groundwater volume at NSP command area from 2008-09 to 2018-19

3.1.2. Project details

The window will appear as shown in the Fig. 7 on the screen and data was given as per
requirement. In that, four buttons like crop water requirement, surface water availability, domestic
water demand and groundwater availability will be displayed.
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6 DECISIDN SUPPGRT SYSTEM - [Projec Derails

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)
Al (]
< RN [PoRaBsai ] clcumion e con vy |Gt

Project details Close

Name of the project |Nagarjuna Sagar Right Canal Command

Latitude |16 deg [34 min 23 sec N
Longitude ’79— deg ,18— min ,4— SSCE

Elevation 1 mts

CROP DATA SURFACE WATER DOMESTIC WATER GROUND WATER
REQUIREMENT >>> AVAILABILITY >>> DEMAND >>> AVAILABILITY >>>

3.1.3. Crop datarequirement

Three seasons namely Kharif, Rabi, Summer seasons
for the software as shown in Fig. 8 and 9. '

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

2l DECISION SUPPORT SYSTEM - [Crop Water Requirement]

RAU

-E‘_ [ProjectDetails | Calculations & Result  Canal Hydrauiics

Durai CropWater | Crop Water

uration 2

Days) Requirement | Requirement
(mm) (ha-mm)

Paddy 305930 135 X 48479 14831027617 |

Cotion 97426 165 47401 4618109247

Chillies v]|53958 130 X 27901897.84

Milets j|4159 105 21433 89138185

Pulses 1 X 26195 274553998

Name ofthe Crop Area (ha)

.8. ‘\{opater requirement of the NSP command area during kharif season

P

Paddy, cotton, chillies, millets and pulses were present in the command area as major crops.

Theagricultural water requirement for kharif season was 2,260.30 MCM, and rabi season was .-

2,195.01 MCM and there is no much varieties of crops grown in summer season. Finally, the
agricultural water demand for all seasons was obtained as 4,455.32 MCM
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a! DECISION SUPPORT SYSTEM - [Crop Water Requirement]

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

(Calculations & Result Canal Hydraulics Exit

Crop Water Requirement Close
Season ETo 378
Kharif Rab ‘Summev ‘
No.ofCrops |5
Dl Crop Water Crop Water
SINo | Name ofthe Crop Area (ha) Ke Value Requirement | Requirement
) (mm) {ha-mm)
1 Paddy j 315381 135 095 4154 ) 152891979.24
2 Cotton j 76446 165 0.76 47401 36236320.85
3 Chillies LJ 43857 180 076 517.1 226786303
4 Millets j 17505 105 054 21433 37517767
5 |Pubses /15051 0 [ %1% 39426698
Total Area J 468240 Total Water Requirement for Rabi 2.195014E+08
Total Areaforallseasons | 940194 Water Requirement for all Seasons 445531600

Fig. 9. Crop water requirement of the NSP command area during rabi.season

3.1.4. Surface water availability
Available surface water is calculated from the annual average discharge data and evaporation

in Fig.10. Then finally, net available surface water volume was 2,229.41 MCM.

85 DECSIDN SUPRORT SYSTEM - [Surface Water Avillbity]

DECISION SUPPORT SYSTEM
(Demand and Supply Status of Water Resources)

e,
ANGRAU

Project etal Glaiatons @Resut CanaHycrauis  [CIOMGUGRRIHN Hep  Ext
Water Availability Coso
Surface Water Availablity  Fen —— ow
Any losses ~ [zad %
Net Water Availability 24 e

|

3.1.5. Domestic Water Demand
The livestock details of the command area were obtained from the Chief Planning Office of

the respective districts. The domestic water demand was analysed as shown in Fig. 11 and obtained
the domestic water demand of command area as 155.9 MCM.
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& DECI

SUFPORT SYSTEM - WaterDemand]

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

Close

Calculations & Result Canal Hydraulics Exit

DOMESTIC WATER DEMAND

Noof Rows |2

Water Roquired | Water Demand
SNo | Name of the Souce Number R o

Live stock 2294771 65 5444

2 Domestic (Populaticn) 3474650 % 10146

Domestic Water Dsmand ~ |155.¢

Fig. 11. Calibration of Domestic water demand

3.1.6. Groundwater availability
The data was obtained from the State Groundwater Department;, Vijayawada. Finally, net

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

o DE

UPPORT SYSTEM

ANGRAL
i Project Details Calculations &Result  Canal Hydraulics  [ICRARSIGIApSl Help Exit
GROUND WATER AVILABILITY ‘ Clase
Ground water ~ |2269.89 MCM
SLNO m»c:':o: »:n? 2?: jcm Description % of Area
1 750-1500 Excellent to permissible 3
2 15N - 2250 Permissible to doubtful 30
Unsuitable but feasible for ’7
3 2250-4000 mixed water management 27
4 More than 4000 Not suitable (brackish water) 13
Overall use ground water 61
Overall ground water availability |1384 633 MCM

Fig.12. Calibration of net groundwater availability of the command

3.1.7. Canal hydraulics
In this, as per the given input data computed the discharge, velocity of flow, critical depth as

m, side slope (Z:1) 2:1,bottom slope (S) 0.00008333 and Manning's co-efficient (n) 0.0255 of main
canal hydraulic particulars were given to the software. The computed discharge (Q) was 111.58
m¥sec, velocity (V) 0.85 m/s, hydraulic radius (R) 3.02 m, area (A) 131.44 m?, wetted perimeter (P)
43.52 m and critical depth (Yc) was obtained as 10.83 m by the model.
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55/ DECISION SUPPORT SYSTEM - [Canal Hydraulics]

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

Project Details Calculations & Result ~ Canal Hydraulics | ICHATSIGIGDISI  Help Exit

Canal hydraulics for Trapezodial/Rectangular sections | ciese

Irput Data [OutPut

FulsupyDeph®)  [3871  m Discharge (Q) [mss  cume
Battom width (8) [625 m | Compue | | Velociy(y) T
Side slope (Z:1) ] Hydraulic radius(R)  [3.02 m
Bottom slope, S [ooooogazs Area (A) W 0z
Manning's co-efficient (n) 00255 Wetted permeter (P) ’4352— m
Cicaldept(Ye)  [10g3  m

Fig. 13. Computation of discharge of canal

3.1.7. Charts/graphs
The graphs dialogue box and for different seasons of the crops were shewn in Fig. 14.

DECISION SUPPORT SYSTEM
(Demand and Supply Status of Water Resources)

=
ANGRAU
Project Details Calculations & Result Caral Hydraulcs  |[CRAMSIGRNGI  Help Bxit
Fr— =ik

Season:rabi

) e o : =

)

(Cilies E97T8 66313 50020-
Catton 571 5
PR

* [Pl 8572 |29 00K

30020-

0

Py Chiles Cotin Wiz Suses
VarecteCuz

Fig. 14. Crops in Kharif season

3.1.8. Calculationsiand Result

551 DECISION SUPPORT SYSTEM - [Caleustions]

DECISION SUPPORT SYSTEM

(Demand and Supply Status of Water Resources)

- | DEBES  Project Details Calculations & Result Canal Hydraulics  |[CRARG/GIapRSII  Help Exit

Calculations Close

1. Crop water reqirement 4455 316V
2. Domestic water demand 1559 (e
3. NetSurface waler availabily ~ [2220129 MM

4. Ground water availability 1384.633 at

5. Conjunctive use water availability [3613.762 (2

Result

e water resources availability, the crops which are planning to growing is not having the sufficient

water and make the alternative arrangement

Fig.15. Calculations & result window of DSS
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water demand as 155.9 MCM, net surface water availability as 2,229.406 MCM, net groundwater
availability as 1384.633MCM and conjunctive use water as 3,614.039 MCM. The agricultural water
demand and domestic water demand is more than the conjunctive use water. Hence, the availability
of the water is not sufficient to raise the crops of their contemplated area. Finally, to reduce the
cropped area or grow the less water requirement crops and shown in Fig. 15.

3.2. Crop water requirement by using CROPWAT8.0

The crop water demand was calculated with CROPWAT8.0 in the Prakasam district of NSRC
command area was 1,412 MCM and 3,044 MCM in Guntur district respectively. Overall crop water
demand for both districts of NSRC command area for different soils and different crops was 4,456
MCM. Conjunctive use water of the command area was computed as 3,614 MCM after excluding all
the losses.

Decision Support System computed the agricultural water demand for all. the crops was
4455.32 MCM, domestic water demand was 155.9 MCM and conjunctive use water after deducting
the all losses was obtained as 3,614.039 MCM. Finally, it could be seen. that there is no much
difference was observed by using this software.

4.Conclusions

The decision support system was designed and developed in visual basic. The DSS analyse
data and computed values represented in graphical form. The maximum surface volume was
observed in the year 2008-09 as 6051 MCM, minimum at 2015-16 as<490 MCM and the average
surface water volume as 3628 MCM. Available surface water was:gbtained from the annual average

water demand is more than the conjunctive use water.
Hence, the availability-of the water is not sufficient to raise the crops of their contemplated

main crop.
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